Abstract: Guava plays an important role in Brazilian agribusiness.
intrOdUCtiOn
Brazil is one of the world's largest producers of red guava, with an annual production of approximately 345,000 tons (IBGE 2014) . Guava is cultivated in commercial orchards from Rio Grande do Sul, crossing São Paulo, Minas Gerais and Goiás, to the Northern and Northeastern Brazil (IBGE 2014) .
The selection of promising genotypes and launching of a cultivar require the evaluation of the traits of agronomic interest, which are mostly of quantitative inheritance and suffer great environmental effect. Many of these traits are associated with each other; thus, the selection of a character may affect others, either positively or negatively (Cruz et al. 2012) . Thus, it is important to determine the correlations between traits of interest for improvement, which may arise from gene links or pleiotropy.
Genetic gain can be obtained by using direct and indirect selection for a trait. However, when the traits are correlated, univariate selection criteria may not generate satisfactory genetic gains for all traits assessed. This results from the fact that the traits are evaluated simultaneously and brought together in a single genotype, which makes selection more difficult, since there may be influence from the correlation between traits, whose direction and magnitude depend on the association between them (Berilli et al. 2013) .
Thus, in order to select genotypes holding a set of desirable traits and to obtain favorable genetic gains, multivariate analyses have been used, with emphasis on the selection indices (Cruz et al. 2012) . The classic indexes of Smith (1936) and Hazel (1943) are the most used. These indexes use only one value for the selection of genotypes with desirable agronomic traits. The value results from the association of different selected variables, in which the performance of simultaneous selection is desired (Cruz et al. 2012) . Therefore, selection requires the definition of the best criterion. This choice is associated with the intensity of genetic gains predicted in all traits evaluated and their application.
Until now, there are no records of the selection of promising genotypes with the approach of the selection index and the direct and indirect selection for guava. This is the first work addressing and comparing different selection criteria for this crop. Therefore, it aimed to estimate genetic parameters, verify the correlation between the traits related to the fruit, and compare the genetic gains predicted in different selection indices between and within progenies of guava full-sibs, so as to select the best plants based on fruit-related traits.
MAteriAl And MetHOdS

Plant material
The studied population was derived from controlled 2-parent crossings, obtained between September and October 2008. The parents used for the crosses were selected based on the study on genetic diversity via molecular markers (Pessanha et al. 2011 ). Since they were originated from parents with considerable degree of heterozygosity, the seeds from these crosses generated an S 0 population with large genetic variability. Thus, the S 0 population behaves similarly to an F 2 population, or a segregating one. The variability (Campos et al. 2013 ) and genetic parameter estimation via REML (Quintal et al. 2016 ) of this population were analyzed in previous studies (Figure 1 ).
Obtaining 17 guava full-sib progenies via selected genotypes crossing (Pessanha et at. 2011) Phenotyping of individuals within progenies arranged in a randomized block design Selected progenies were phenotyped and applied in different criteria for selection among and within the progeny Selected individuals will be intercrossed in diallel cross scheme to obtain new full-sib progenies Genetic diversity studies via Ward-MLM (Campos et al. 2013) Estimation of genetic parameters via REML (Quintal et al. 2016 ) Figure 1 . Flowchart of guava breeding program developed by UENF.
The experiment was conducted in Campos dos Goytacazes, Rio de Janeiro. Ten guava full-sib progenies were assessed, arranged in a randomized block design with 2 replicates and 12 plants per plot. During the period of genotype fruiting, all fruits with size of approximately 10 cm were bagged in polyethylene bags, with their edges cut so as to allow fruit to breath. This procedure was undertaken in order to prevent damage caused by the attack of fruit-fly larvae. The fruits were harvested when they reached the first stage of maturation, with dark green skin. Later, they were evaluated considering the descriptors' relationship for the species Psidium guajava L., according to UPOV (1987) (International Union for the Protection of New Varieties of Plants).
At harvest time, all the fruits were counted and weighed on a precision scale. The average production per genotype (PT) was obtained by multiplying the average fruit weight by the number of fruits. The other variables were obtained from the sampling of 15 fruits collected from each genotype, namely: mesocarp thickness (EM, in cm), measurement of the region from the fruit skin to the beginning of the placenta; skin thickness (EC, in mm), which comprises the white, stiff region preceding the mesocarp; ratio between fruit length and fruit diameter (CM/DM), obtained from the ratio between the length (longitudinal) and the diameter (cross-sectional) of the fruit (dimensionless); pulp yield (RP), calculated from the ratio between fruit mass and pulp mass; and the content of soluble solids (TSS), which was determined by an Atago refractometer number 1, whose results are expressed in °Brix.
Statistical analysis
The analysis of variance was performed according to the following statistical model: where: Y ijk is the observation of genotype k of progeny in repetition j; μ is the general constant; p i is the effect of the progeny i; b j is the effect of the repetition j; e ij is the experimental error associated to the progeny i, in repetition j; d ijk is the effect of the individual k of the progeny i in the repetition j.
All analyses were performed with the help of the Genes software system (Cruz 2013) . Then, the following genetic parameters were estimated: coefficient of experimental variation (CV e ); coefficient of genetic variation (CV g ); variation index (CV g /CV e ); variance within the progeny (σ The genetic correlation between the traits was carried out in order to assess the degree of genetic association between 2 quantitative traits. The multicollinearity test was also performed so as to achieve more accurate estimates in a regression model, which is used for obtaining genetic gains. The variance inflation factor (FIV) was used to determine the presence or absence of multicollinearity. FIV values below 10 determined the absence of serious multicollinearity problem.
Next, the best progenies and the best individuals within the superior progenies were predicted, using 2 selection criteria: the direct and indirect selection on each trait analyzed and the selection based on the classic index (Smith 1936; Hazel 1943 ).
The prediction of genetic gains allowed the selection of the 5 best progenies and the 4 best plants within the progeny, totaling 40 selected plants, which corresponds to approximately 16.6% of the total genotypes assessed. The selection was simulated for all traits aiming to increase their original averages.
Direct and indirect selection
• DS e and GS e % = 100
The economic weights used in the classic index derived from the following experimental data: economic weights for the coefficient of genetic variation of each trait evaluated (ISH 1 ); economic values obtained by trial, with values: 1; 5,000; 1; 5,000; 1 for production, mesocarp thickness, skin thickness, pulp yield, ratio between fruit length and fruit diameter (ISH 2 ), respectively. After several trials, these values were chosen for generating satisfactory predicted gains for production, without influences.
reSUltS And diSCUSSiOn
The assessed traits are fundamental to the acceptance of the fruit by the consumer market, which requires large and more rounded fruits with good pulp yield and pleasant flavor. The prediction of fruit shape is obtained by the ratio between the fruit length and fruit diameter. This relationship is an estimator of industrial quality, that is, the closer to 1, the rounder the fruit. Thus, measurements of fruit length and diameter alone are of little significance for the characterization of guava fruits (Campos et al. 2013) . Therefore, it was observed that the evaluated fruits are within the required standards, and the average ratio between fruit length and fruit diameter is 1.17.
All traits evaluated had p < 0.05 between genotypes, except for TSS. This significant difference indicates that there is variability between genotypes, and this variability allows obtaining genetic gains from the selection between and within the progenies analyzed. The fact that the TSS did not show high difference between genotypes is not a problem for this population, because the values are within the range of values that satisfy both the market of fresh fruit and the juice and confectionery industry, which is from 8 to 12 °Brix (Ali et al. 2014) , value between 7 and 14, with average of 8.7 °Brix.
The experimental coefficients of variation (CV e ) ranged from 0.98 (pulp yield) to 14.46 (total production). Ramos et al. (2010) evaluated the agronomic traits of guava and also found higher CV e values for production (25.98%). Higher coefficient of variation values are observed for traits obtained from counting, such as the number of fruits per plant. This occurs also for production, since the variable is the product of the average weight of fruit per plant and the number of fruits per plant, which is a counting trait. The CV e values obtained for continuous phenotypic traits
where: GS e , GS d and GS t are, respectively, the gains between families, within families and total; h 2 m and h 2 d are the heritability coefficients at the level of averages of families and at the level of plants within families, respectively; DS e and DS d are, respectively, the selection differentials based on the average of families and within families selection.
Classic index
H = a 1 g 1 + a 1 g 2 + a n g n + ... + a n g n = ∑
where: n is the number of traits assessed; b' is the vector with size 1 × n of the weight coefficients of the selection index to be estimated; x is the matrix with the size n × p (plants) of phenotypic values of the traits; a' is the vector with size 1 × n of the previously established economic weights; g is the matrix with size n × p of the genetic values unknown to the n traits considered.
The prediction of genetic gain for the traits was obtained by the expression:
where: GS l(I) is the expected response in the trait I, when the selection was performed between and within the index; DS l(I1) and DS l(I2) are differentials of selection observed in the indices I 1 and I 2 , resulting from the selection between and within progenies; s 2 I1
and s
I2
are the estimators of the variances of the indices I 1 and I 2 , respectively.
were lower than 10%. These can be considered satisfactory values for experiments with perennial species (Verardi et al. 2011; Santos et al. 2015) since they indicate good experimental precision.
The variation index (VI) assesses how much of the environmental variance predominated over genetic variance. In other words, the closer it is to unity or above it, the less influenced the trait by the environment (Cavalcante et al. 2012) . According to Vencovsky (1987) , when the VI, which is the ratio between CV g and CV e , tends to 1 or is higher, the population may achieve gains in the selection. Thus, the genotypes in the present study can be subjected to selection since the evaluated variables presented values above 1, ranging from 1.05 to 3.33.
The heritability coefficients, in relation to the average progeny, ranged from 0.69 to 0.95. The mesocarp thickness (0.95) and the ratio between fruit length and fruit diameter (0.90) were the traits that showed the highest values of heritability estimates for the average progeny (Table 1) . Regarding the production of fruits per plant, a variable of great economic interest, a high coefficient of heritability (0.81) was observed, which indicates that the selection for this variable can be performed and provide satisfactory gains. The analysis of the heritability coefficients within families showed that they were much lower than the heritability based on a family average. Other studies have found similar results in clones of Eucalyptus L'Hér (Santos et al. 2015) and Eucalyptus pellita F. Muell (Hung et al. 2015) , which agrees with this work, since both species are perennial. This result allows inferring that the selection based on the average of the families can be more efficient than within families. However, the selection between and within families must be carried out so as to use all the existing variability in the population and maximize the genetic gains.
The multicollinearity analysis showed that the variables are uncorrelated within the range that is considered weak multicollinearity, according to the criteria proposed by Cruz et al. (2012) . Cabral et al. (2011) stresses the importance of this test when regression, track and selection index analyses are intended. The estimates of the parameters under multicollinearity can admit values that are absurd or non-consistent with the biological phenomena studied (Cruz et al. 2012) .
In the analysis, the coefficients of genotypic and phenotypic correlation in average progeny showed low values, including pulp yield × ratio between length and diameter ( Table 2) . These results indicate that the selection for these variables can be performed without a correlated response. It should be stressed that, for many traits, estimates of genetic correlation were higher than phenotypic correlations, which indicates that the genetic factors are more relevant than the environmental ones.
The estimates of phenotypic, genotypic and environmental correlation between PT and all the traits were negative (Table 2) , except for skin thickness; this suggests that, by practicing selection in PT, all other traits may be negatively affected, with an increase in skin thickness, thus, forming a barrier since the meaning of selection is the same for all traits except skin thickness. The negative correlation between total fruit production and pulp yield can be explained by = Estimates of the coefficients of heritability at the level of average families and individuals within families, respectively; CV e and CV g = Estimates of the coefficients of experimental variation and coefficient of genetic variation between families, respectively; VI = Variation index. the fact that increased fruit production tends to increase skin weight, which affects pulp weight. Krause et al. (2012) made the same observation when evaluating full-sib families of passion fruit and found negative correlation between yield and pulp weight. Therefore, the increased number of fruits per plant can lead to the production of smaller fruits with lower pulp weight. This information indicates that the selection for fruit production alone may cause undesirable changes in other variables.
The prediction of genetic gains has provided great help for breeding and is considered one of the greatest contributions of quantitative genetics. The use of different selection strategies to verify which one provides the greatest gains for traits of interest is fundamental for breeders and helps them selecting the available genetic material (Bhering et al. 2012) . Even with the efficiency of selection indices to identify superior genotypes, no reports are found in works on guava using this approach.
Thus, the best selection method is the one that predicts satisfactory gains for all traits, including those negatively correlated. Since selection criteria predict genetic gains, they also provide effective guidance for breeding programs and decisions on the adoption of successful selective schemes (Cruz et al. 2012) , so that the best progenies and the best individuals within this progeny can be identified.
Several studies with fruit trees have been conducted in order to select promising genotypes by comparing different selection criteria in different fruit trees, including yellow passion fruit (Neves et al. 2011 ) and papaya (Vivas et al. 2013 ). Distinct selection strategies were evaluated in fullsib progenies of passion fruit in which the selection index provided positive gains in full-sib progenies of yellow passion fruit (Krause et al. 2012) .
In all selection criteria analyzed, the estimates of genetic gains were higher for total fruit yield and skin thickness (Table 3) . The same was observed in the work of Verardi et al. (2011) . It evaluated agronomic traits in rubber tree progenies and found greater gains for girth and bark thickness. In both, the traits that achieved higher genetic gains have the highest coefficient of genotypic variation and high values for the estimates of coefficients of heritability, which may explain the higher genetic gains. It can be observed that, among progeny, there were high heritability values, thus, the selection among progenies promotes higher genetic gains than within progenies.
As expected, direct selection gains were greater than indirect ones. The highest gain expectations, considering the direct selection, were related to skin production and thickness, whose values were 25.17 and 24.72, respectively. The other traits presented low magnitude gains, ranging from 1.11 to 3.22. It results from the low genetic variability found within progenies, which is observed in the individual heritability estimate within progeny (Table 1) .
The direct selection in fruit production provided a negatively correlated response between all traits (Table 3) , except for skin thickness, due to the genetic correlation between the traits. As expected, the selection for production resulted in unfavorable gains for all traits, since guava * Significant at 5% probability; ** Significant at 1% probability by the t-test. cultivation disregards increased skin thickness. This was the only variable that achieved positive gains. Thus, direct selection for production could not obtain satisfactory gains for the other traits. The same was observed by Bhering et al. (2012) when they performed direct selection in physic nut. Considerable gains were obtained for yield based on direct selection, but there were no gains for weight of 100 seeds. The correlated responses provided very low and even negative gains in some traits, as shown in the analysis of variable pulp yield, which obtained 1.11 in the direct selection, and gains lower than 1 for the other traits (Table 3) . This shows that the selection based on only one variable was inadequate because it led to a higher final product when considering the number of fruits per plant and generated unfavorable responses in other traits. These results indicate that methods that combine favorable expected gains should be used in the evaluation of these progenies.
Multivariate criteria, known as selection index, was also a strategy used in this study. Among the selection indices, it was used the classic index, proposed by Smith (1936) and Hazel (1943) . It presented higher expectations of genetic gains for all traits, except for pulp thickness, which had lower gains, compared to those of direct selection (Table 3) . Bhering et al. (2012) compared direct selection and the selection index in order to choose the best physic nut genotypes in 175 families. They also found higher estimates of genetic gains using the selection index and did not obtain favorable gains from the direct and indirect selection processes.
According to Cruz et al. (2012) , the estimation of reliable selection indices depends on the variances and convariance genetic and phenotypic matrix that are wellestimated, and corrected designation and well-established to economic weights. Cruz et al. (2012) suggest using the genetic variation coefficients as economic weights, similarly to this study, since they are directly proportional to the genetic variance of the traits. However, Bhering et al. (2012) verified that the use of the coefficient of genetic variation as economic weight was inadequate, since it did not provide satisfactory genetic gains.
With the selection index, it was possible to obtain small genetic gains with traits negatively correlated. When the genotypic variation coefficient was used, the classic index estimated the highest total gain and generated the highest gain in production (Table 3) . However, this index provided greater increase for fruit skin thickness (12.82%). ISH 2 obtained favorable genetic progress and provided satisfactory genetic gains for all traits assessed (Table 4 ). This index allowed predicting reasonable gain for total fruit production and lower increase for fruit skin, compared to other selection criteria, without significantly affecting the other variables. This occurred because the values were tested until satisfactory predicted gains for total fruit yield were achieved in a way that the selection did not negatively affect other traits, since this variable has a negative correlation. Freitas et al. (2012) , in order to select the best genotypes of passion fruit, compared different weights in the selection index. They indicated that the CV g as weights are inappropriate, providing smaller weight gains by trial. Berilli et al. (2013) , in selection of full-sib progenies of maize, also used random weights for each trait, by trial, to estimate the selection indexes and get height gains. Even with the use of different selection criteria, a slight variation was observed in the estimation of production gains and total predicted genetic gains. Direct selection and ISH 1 selected the same 4 progenies, but different individuals (Table 5) . ISH 2 , by trial, selected 2 progenies already selected, thus, confirming the superiority of these families for the evaluated traits. Almeida et al. (2014) , in the selection of fullsib families of sugar cane, found that the various economic weights predicted similar genetic gains and identified the same families when different weights were used for the application of the classic index. was higher when the index was used (Bhering et al. 2012 ). The classic index was the criterion that provided satisfactory gains in the population under study.
For guava cultivation, priority should be given to the achievement of gains in the number of fruits, accompanied by increased fruit mass, so as to increase productivity and acceptance by the consumer market. The results of this study demonstrate that the selection between and within guava progenies can be implemented aiming to obtain satisfactory and balanced genetic gains between the variables analyzed, by using the classic index.
COnClUSiOn
The variability found in the guava population, both between and within the progenies, allowed the use of selection strategies with satisfactory gains, so as to concentrate favorable alleles for traits of agronomic interest. The maximization of individual gains was observed with the use of direct selection processes. However, when indirect selection was applied, no favorable gains were obtained and some traits obtained even negative gains. Thus, the direct and indirect selection could not achieve a distribution of expected gains that addressed the objectives of this work. The classic selection index proposed by Smith (1936) and Hazel (1943) was the selection criterion that presented the best results for gains in fruit number and fruit weight, being indicated as the most appropriate selection strategy for genetic breeding in the studied population.
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Method
Selected progeny total gain (%) In a certain way, no selection criterion is superior to the others for genetic gain estimation. The selection strategy depends on the population studied and its parameters. Thus, in some works, the direct and indirect selections were efficient (Berilli et al. 2013) . In other works, gain prediction 
